JHDM1D antisense 1 (JHDM1D-AS1), a long non-coding RNA (lncRNA), has been shown to promote pancreatic cancer growth by inducing an angiogenic response. However, its biological and clinical significance in non-small-cell lung cancer (NSCLC) is still unclear. In this study, we examined the expression and prognostic significance of JHDM1D-AS1 in NSCLC. The effects of JHDM1D-AS1 knockdown or overexpression on NSCLC growth and metastasis were investigated. We show that JHDM1D-AS1 is upregulated in NSCLC relative to adjacent normal lung tissues. High JHDM1D-AS1 expression is significantly correlated with advanced tumor, node, and metastasis (TNM) stage and lymph node metastasis. JHDM1D-AS1 expression serves as an independent prognostic factor for overall survival of patients with NSCLC. Functionally, JHDM1D-AS1 knockdown inhibits NSCLC cell aggressiveness both in vitro and in vivo, which is rescued by ectopic expression of JHDM1D-AS1. JHDM1D-AS1 binding stabilizes DHX15 protein in NSCLC cells. DHX15 overexpression enhances NSCLC cell proliferation and invasion, whereas knockdown of DHX15 exerts opposite effects. JHDM1D-AS1-mediated aggressive phenotype is impaired when DHX15 is silenced. Ectopic expression of DHX15 restores the defects in proliferation and invasion of JHDM1D-AS1-depleted NSCLC cells. Collectively, the interaction between JHDM1D-AS1 and DHX15 accounts for NSCLC growth and metastasis. This work provides potential additional therapeutic targets for treatment of NSCLC.
INTRODUCTION
Lung cancer is one of the most common malignancies and the leading cause of cancer-related death worldwide. 1, 2 Non-small-cell lung cancer (NSCLC) accounts for about 85% of all lung cancers. 3 The predicted 5-year survival rate for NSCLC is as low as 15.9%. 3 The poor prognosis of NSCLC is largely ascribed to development of metastatic disease. Identification of the molecular mechanisms for cancer metastasis is of significance in developing effective therapeutic approaches for NSCLC.
DHX15 is a member of the DEXD/H box helicase family that participates in ATP-dependent unwinding of RNA substrates, consequently modulating pre-mRNA splicing and translation initiation. 4, 5 DHX15 has been shown to recognize viral RNA and activate immune response through nuclear factor kB (NF-kB) and mitogen-activated protein kinase (MAPK) signaling in myeloid dendritic cells. 6 Memet et al. 7 reported that DHX15 is involved in ribosome biogenesis by promoting pre-rRNA cleavage. 7 DHX15 has been documented to modulate gene expression by repressing CMTR1-dependent mRNA cap formation. 8 Recent reports have indicated the role of DHX15 in cancer progression. [9] [10] [11] For instance, Ito et al. 9 reported that DHX15 is downregulated in glioma, and overexpression of DHX15 suppresses glioma growth both in vitro and in vivo. Jing et al. 10 demonstrated that DHX15 acts as a co-activator of androgen receptor (AR) and promotes prostate cancer progression by enhancing AR transcriptional activity. DHX15 is upregulated and shows a significant correlation with poor prognosis in hepatocellular carcinoma. 11 These studies suggest that DHX15 plays a context-specific role in cancer progression.
Long non-coding RNAs (lncRNAs) are a class of regulatory non-coding RNA molecules of >200 nt in length. 12 They are frequently dysregulated in cancer and modulate multiple aspects of tumor biology. [13] [14] [15] For instance, the lncRNA PVT1 is upregulated in NSCLC and promotes cancer cell proliferation, invasion, and radioresistance. 14 Xu et al. 15 reported that the lncRNA Linc-GALH accelerates hepatocellular carcinoma metastasis. JHDM1D antisense 1 (JHDM1D-AS1) is a nutrient starvation-responsive lncRNA, 16 which is generated from the antisense strand of histone demethylase JHDM1D. Several studies have indicated that JHDM1D functions as a tumor suppressor in multiple cancer types, including prostate cancer and cervical cancer. 17, 18 In contrast to JHDM1D, lncRNA JHDM1D-AS1 plays an oncogenic role. It has been documented that JHDM1D-AS1 promotes tumor growth in pancreatic cancer by inducing the expression of angiogenic factors. 16 Most interestingly, the JHDM1D-AS1 target gene signature has been proposed as a prognostic factor for lung cancer, 16 implying an association between JHDM1D-AS1 and lung cancer progression. However, the expres-sion and function of JHDM1D-AS1 in NSCLC remain largely unknown.
Here, we investigate the expression and prognostic significance of JHDM1D-AS1 in NSCLC. The effects of JHDM1D-AS1 knockdown or overexpression on the aggressive phenotype of NSCLC cells were determined. The mechanism mediating the action of JHDM1D-AS1 in NSCLC was further clarified.
RESULTS

JHDM1D-AS1 Is Upregulated in NSCLC and Predicts Poor Prognosis
In this work, we evaluated the prognostic significance of JHDM1D-AS1 in a cohort of 78 patients with NSCLC. The expression level of JHDM1D-AS1 was significantly greater in NSCLC specimens than that in adjacent normal lung tissues (p = 0.0036; Figure 1A ). The NSCLC samples were divided into two groups depending on the JHDM1D-AS1 expression level. As shown in Table 1 , high JHDM1D-AS1 expression was significantly correlated with advanced tumor, node, and metastasis (TNM) stage (p = 0.004) and lymph node metastasis (p < 0.001). Kaplan-Meier analysis showed that patients with high levels of tumoral JHDM1D-AS1 had a significantly shorter overall survival than did those with low levels (p = 0.0005; Figure 1B ). Multivariate Cox regression analysis revealed JHDM1D-AS1 expression as an independent prognostic factor for overall survival of patients with NSCLC (Table 2 ). In addition, multiple NSCLC cell lines had an increased level of JHDM1D-AS1 compared to BEAS-2B bronchial epithelial cell lines (p < 0.05; Figure 1C ). These results indicate that JHDM1D-AS1 overexpression has a poor prognostic impact on NSCLC. Next, we addressed whether JHDM1D-AS1 is required for the aggressive phenotype of NSCLC. To this end, we performed JHDM1D-AS1 knockdown studies using short hairpin RNA (shRNA) technology in both A549 and H1299 cells. The knockdown efficiency was validated by quantitative real-time PCR analysis (Figure 2A ). Depletion of JHDM1D-AS1 significantly reduced the proliferative ( Figure 2B ) and invasive ( Figure 2C ) ability of NSCLC cells in vitro. Consistently, tumor growth ( Figure 2D ) and weight ( Figure 2E ) in the JHDM1D-AS1 knockdown group were significantly decreased compared with the control group. Bioluminescent imaging revealed that the development of lung metastasis was markedly suppressed by JHDM1D-AS1 deficiency ( Figure 2F ). To exclude the possibility of shRNA off-target effects, JHDM1D-AS1 rescue experiments were conducted. Of note, ectopic expression of JHDM1D-AS1 effectively restored the aggressive phenotype in NSCLC cells transfected with JHDM1D-AS1-targeting shRNA ( Figure 2 ). Taken together, JHDM1D-AS1 plays an essential role in NSCLC growth and metastasis.
JHDM1D-AS1 Associates with DHX15 Protein in NSCLC Cells
To determine the mechanism underlying JHDM1D-AS1-mediated aggressive phenotype, we performed RNA pulldown assays followed by mass spectrometry using A549 cell lysates. As a result, we identified 25 JHDM1D-AS1-associated proteins. We chose five cancerrelated proteins for further validation, i.e., BCLAF1, HSP90AB1, DHX15, PKM2, and XRCC5 (Table S1 ). Interestingly, we validated the presence of DHX15 in the complex pulled down by JHDM1D-AS1 in H1299 cells ( Figure 3A ). However, the other four candidates were not detected in the JHDM1D-AS1 pulldown (data not shown). A RNA immunoprecipitation (RIP) assay confirmed that JHDM1D-AS1 was enriched in DHX15 immunoprecipitates from A549 and H1299 cells ( Figure 3B ). In addition, JHDM1D-AS1 and DHX15 were co-localized in the nucleus of NSCLC cells ( Figure 3C ). Among the DHX15-positive cells, 60%-80% showed the co-localization with JHDM1D-AS1. These results suggest JHDM1D-AS1 binding to DHX15 protein.
Next, we tested whether JHDM1D-AS1 affects the expression of DHX15 protein. We demonstrated that knockdown of JHDM1D-AS1 led to a reduction in DHX15 protein levels in NSCLC cells (Figure 3D ). When protein synthesis was inhibited by cycloheximide (CHX), DHX15 protein was significantly less stable in JHDM1D-AS1-deficient NSCLC cells relative to control cells ( Figure 3E ). The reduction of DHX15 in JHDM1D-AS1-depleted cells was markedly rescued by treatment with MG132, a proteasome inhibitor (Figure 3F ). Taken together, these data indicate that JHDM1D-AS1 knockdown reduces DHX15 protein levels in NSCLC cells through proteasome-mediated degradation.
DHX15 Acts as an Oncogene in NSCLC Cells
We also performed immunohistochemistry of DHX15 on the same cohort of patients as used in the assay for JHDM1D-AS1. As shown in Figures 4A and 4B , the rate of DHX15-positive expression was significantly higher in NSCLC tissues (44.9%, 35/78) than that in adjacent normal lung tissues (15.4%, 12/78; p = 0.0012). Next, we explored the biological function of DHX15 in NSCLC cells. We performed DHX15 overexpression experiments in A549 cells ( Figure 4C ). As a consequence, NSCLC cells with DHX15 overexpression showed an increase in proliferation ( Figure 4D ) and invasion ( Figure 4E ). Next, we investigated the function of DHX15 in mediating JHDM1D-AS1 effects on NSCLC cells. We showed that JHDM1D-AS1-induced NSCLC cell proliferation ( Figure 5A ) and invasion ( Figure 5B ) were impaired when DHX15 was silenced. These results suggest that the JHDM1D-AS1-dependent aggressive phenotype in NSCLC is mediated, at least in part, through regulation of DHX15 protein levels.
In addition, we examined whether overexpression of DHX15 could rescue the defects in cancer cell proliferation and invasion caused by JHDM1D-AS1 depletion. As shown in Figure 5C , overexpression of DHX15 attenuated the suppressive effect of JHDM1D-AS1 knockdown on NSCLC cell proliferation. Moreover, the invasiveness of JHDM1D-AS1-depleted NSCLC cells was promoted by DHX15 overexpression ( Figure 5D ).
DISCUSSION
Based on the Affymetrix Exon array data from an institutional database RefExA (http://www.lsbm.org/site_e/database/index.html), Kondo et al. 16 found that JHDM1D-AS1 is highly expressed in www.moleculartherapy.org multiple cancer types, including gastric cancer, lung cancer, breast cancer, ovarian cancer, renal cancer, and testicular cancer. Congruently, our data show that JHDM1D-AS1 expression is increased in NSCLC relative to adjacent normal lung tissues. We also demonstrate that high JHDM1D-AS1 expression is significantly correlated with advanced TNM stage and lymph node metastasis in NSCLC patients. Moreover, high levels of JHDM1D-AS1 result in poor overall survival. Multivariate Cox regression analysis points toward JHDM1D-AS1 as an independent prognostic marker. These results suggest that JHDM1D-AS1 plays an important role in NSCLC progression.
JHDM1D-AS1 has been reported to sense nutrient insufficiency and initiate tumor angiogenesis in pancreatic cancer, 16 but its role in NSCLC is unclear. Our present data provide evidence that JHDM1D-AS1 is required for the aggressiveness of NSCLC. We demonstrate that knockdown of JHDM1D-AS1 leads to diminished proliferation and invasion of NSCLC cells. The in vivo studies recapitulate the in vitro observations and show that JHDM1D-AS1 deficiency ablates tumor growth and metastasis in xenograft models. The proliferative and invasive defects of JHDM1D-AS1-depleted NSCLC cells were reversed by ectopic expression of JHDM1D-AS1. These results unveil an oncogenic role for JHDM1D-AS1 in NSCLC, and they provide an explanation for the worse prognosis in NSCLC with high JHDM1D-AS1 expression.
It has been documented that lncRNAs can exert their biological activities through interaction with protein partners. 19, 20 For instance, the www.moleculartherapy.org lncRNA GLS-AS suppresses the expression of Myc by destabilizing Myc protein, and in turn attenuates the growth and invasion of pancreatic cancer cells. 19 The lncRNA LINC00707 was found to enhance gastric cancer metastasis by interacting with HuR, a mRNA stabilizing protein. 20 To identify JHDM1D-AS1-associated proteins, we performed RNA pull-down followed by mass spectrometry. Noticeably, we found that JHDM1D-AS1 associates with DHX15 protein in NSCLC cells. Furthermore, knockdown of JHDM1D-AS1 decreases the protein level of DHX15, which is ascribed to reduced protein stability. Treatment with the proteasome inhibitor MG132 blocks the reduction of DHX15 protein in JHDM1D-AS1-depleted cells. These observations indicate that JHDM1D-AS1 binding attenuates proteasome-mediated degradation of DHX15. Future work needs to map the domains of interactions between JHDM1D-AS1 and DHX15.
As a member of the RNA helicase family, DHX15 has RNA unwinding activity and participates in pre-rRNA processing. 7 A previous study reported that the G-quadruplex structure mediates the interaction between lncRNA GSEC and DHX36, suggesting a sequence structure-dependent DHX protein binding to lncRNAs. 21 This study provides an explanation for our findings that the sense (but not antisense) strand of JHDM1D-AS1 can bind to DHX15 protein. Ongoing studies are seeking to determine the essential JHDM1D-AS1 sequence mediating the direct interaction with DHX15.
DHX15 is known as an ATP-dependent RNA helicase involved in the antiviral response and ribosome biogenesis. 6, 7 DHX15 is dysregulated in several types of cancers such as glioma, prostate cancer, and hepatocellular carcinoma. [9] [10] [11] The function of DHX15 in tumor progression depends on the cellular context. In particular, DHX15 acts as a tumor suppressor in glioma, 9 but as an oncogene in prostate cancer. 11 Although the role of DHX15 in NSCLC is still elusive, several other members of the DEXD/H box helicase family have been shown to participate in NSCLC progression. For instance, DDX5 was found to induce NSCLC tumorigenesis through b-catenin signaling. 22 Another example is that DDX17 contributes to the acquisition of gefitinib resistance in NSCLC cells. 23 Our data show that DHX15 overexpression promotes the proliferation, invasion, and tumorigenesis of NSCLC cells, whereas depletion of DHX15 restrains NSCLC cell proliferation and invasion. Clinically, DHX15 expression is elevated in NSCLC compared to adjacent normal lung tissues. Taken together, we provide the first evidence that DHX15 acts as an oncogene in NSCLC.
2Given the interaction between DHX15 protein and JHDM1D-AS1, we propose a possibility that DHX15 may mediate the oncogenic activity of JHDM1D-AS1 in NSCLC. In support of this possibility, we show that DHX15 knockdown impairs the JHDM1D-AS1-mediated aggressive phenotype of NSCLC cells. Moreover, overexpression of DHX15 rescues the effects of JHDM1D-AS1 silencing on NSCLC cell proliferation and invasion. Therefore, JHDM1D-AS1-mediated aggressiveness depends on the expression of DHX15.
Previous studies have suggested that some antisense lncRNAs can modulate the expression of neighboring genes. 24, 25 For instance, Esposito et al. 24 reported that the antisense lncRNA COMET is positively correlated with MET expression in papillary thyroid carcinoma. Zhu et al. 25 reported that the lncRNA HAS2-AS1 can stabilize HAS2 protein, thus contributing to hypoxia-induced invasiveness in oral squamous cell carcinoma cells. JHDM1D-AS1 is known to arise from the antisense strand of JHDM1D, which plays an opposite role to JHDM1D-AS1 in tumor angiogenesis. 17 However, overexpression or knockdown of JHDM1D-AS1 does not affect the expression of JHDM1D in NSCLC cells (data not shown), suggesting that JHDM1D-AS1-induced aggressiveness involves a JHDM1D-independent mechanism.
In conclusion, we identify the JHDM1D-AS1/DHX15 axis as a key driver of NSCLC metastasis. JHDM1D-AS1 binding stabilizes DHX15, consequently accelerating tumor cell proliferation and invasion. In addition, JHDM1D-AS1 overexpression is an independent prognostic factor for overall survival of patients with NSCLC. Our results offer potential novel targets for the treatment of NSCLC.
MATERIALS AND METHODS
Patients and Tissue Specimens
A total of 78 tumor samples and 46 adjacent normal tissues were collected from patients with NSCLC who underwent surgical resection at Harbin Medical University Cancer Hospital (Harbin, China). Clinicopathological information was retrieved from patient medical records. No patient received any anticancer treatment before surgery. Surgical specimens were immediately frozen in liquid nitrogen and stored at À80 C until RNA analysis. Written informed consent was obtained from each patient. The collection and application of patient specimens were approved by the Human Ethics Committee of Harbin Medical University Cancer Hospital.
Cell Lines
Human NSCLC cell lines (A549, H1299, HCC827, H358, and H1975) as well as BEAS-2B bronchial epithelial cells were purchased from the Cell Bank of Shanghai Institute of Cell Biology, Chinese Academy of Sciences (Shanghai, China). NSCLC cell lines were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS; Invitrogen, Grand Island, NY, USA); BEAS-2B cells were cultured in growth factor-supplemented medium (BEGM; Lonza, Walkersville, MD, USA). All cell lines were maintained in a humidified atmosphere of 5% CO 2 at 37 C.
RNA Isolation and Quantitative Real-Time PCR Analysis
Total RNA was extracted from tissue samples and cell lines using the PureLink RNA mini kit (Thermo Fisher Scientific, Waltham, MA, USA). RNA samples were reverse transcribed into cDNA using the SuperScript III reverse transcriptase kit (Invitrogen). The quantitative real-time PCR assay was performed using the SYBR Green RT-PCR kit (Takara Biotechnology, Dalian, China), according to the manufacturer's protocols. The PCR primers are as follows: JHDM1D-AS1: forward, 5 0 -CCTCGCGACGCTGAGAGAATC-3 0 and reverse, 5 0 -ACGGCACATTCCTCCCTCGGA-3 0 ; GAPDH: forward, 5 0 -ACCACAGTCCATGCCATCAC-3 0 and reverse, 5 0 -TCCA CCCTGTTGCTGTA-3 0 . The relative expression of JHDM1D-AS1 was normalized to GAPDH and analyzed by the 2 ÀDDCT method. 26 
Plasmids
For gene overexpression experiments, full-length human JHDM1D-AS1 and DHX15 were amplified by PCR and cloned to pcDNA3.1+ vector. For knockdown experiments, JHDM1D-AS1-and DHX15targeting shRNA were commercially synthesized and cloned to the pLKO.1 vector.
Cell Transfection
Cell transfection was performed using Lipofectamine 3000 (Invitrogen), following the manufacturer's protocol. To generate stable cell www.moleculartherapy.org lines, transfected cells were selected with G418 (600 mg/mL) or puromycin (1 mg/mL; Sigma-Aldrich, St. Louis, MO, USA). In some experiments, transfected cells were treated with MG132 (10 mM; Sigma-Aldrich) for 5 h before analysis of DHX15 protein levels.
Cell Proliferation Assay
Cells were seeded into 12-well plates (4 or 6 Â 10 5 cells/well) and allowed to grow for 3 days. Cells were counted every day, and growth curves were plotted.
Transwell Invasion Assay
A Transwell invasion assay was performed as described previously. 27 Transwell chambers (8-mm pore size) in a 24-well plate were used this assay. 1 Â 10 5 cells suspended in RPMI 1640 medium without FBS were seeded into the upper insert, while the lower insert was filled with fresh complete medium containing 10% FBS. After a 48-h incubation, invading cells were fixed, stained with crystal violet, and counted.
Animal Experiments
All animal experiments were conducted in accordance with national and international guidelines and approved by the Animal Care and Use Institutional Review Board of Harbin Medical University Cancer Hospital. Six-week-old male BALB/c nude mice were housed in specific pathogen-free conditions on a 12-h light/12-h dark cycle with free access to food and water. Stably transfected A549 and H1299 cells were subcutaneously injected into nude mice (3 Â 10 6 cells/mouse). Tumor size was recorded every week using a caliper. Tumor volumes were calculated based on the following formula: Volume = (L Â W 2 )/2, with L being the largest diameter (mm) and W being the smallest diameter (mm). Animals were sacrificed after 4 weeks, and tumor weights were recorded. For the in vivo metastasis assay, A549 cells were co-transfected with JHDM1D-AS1-targeting shRNA, JHDM1D-AS1-expressing plasmid, as well as luciferase-expressing vector and injected via the tail vein at 4 Â 10 6 cells per mouse. Noninvasive bioluminescence imaging was conducted to monitor tumor metastasis. Each group had four mice.
RNA Pull-Down Assay
The RNA pull-down assay was conducted as described previously. 28 Briefly, biotin-labeled JHDM1D-AS1 (sense or antisense) was obtained with Biotin RNA Labeling Mix and T7 RNA polymerase (Roche Diagnostics, Indianapolis, IN, USA) and purified with the RNeasy Mini Kit (QIAGEN, Valencia, CA, USA). The resultant biotinylated RNA was incubated with the lysate from H1299 cells at 4 C overnight, followed by incubation with streptavidin magnetic beads (Invitrogen) for 1 h at room temperature. The proteins pulled down were subjected to western blot analysis for DHX15.
RIP Assay
A RIP assay was done as described previously. 29 Briefly, A549 and H1299 cells were lysed in RIP buffer containing protease/RNase inhibitors (Sigma-Aldrich). The lysate was incubated with anti-IgG (negative control) or anti-DHX15 antibody (Thermo Fisher Scienti-fic, Waltham, MA, USA) conjugated with protein A/G magnetic beads. The immunoprecipitates were treated with Proteinase K, and the immunoprecipitated RNA was detected by quantitative realtime PCR analysis.
Western Blot Analysis
Cells were lysated in radioimmunoprecipitation assay lysis buffer supplemented with a protease inhibitor cocktail (Sigma-Aldrich). Protein samples were separated on SDS-PAGE and transferred to polyvinylidene difluoride membranes. The membranes were blocked with 5% fat-free milk at room temperature for 1 h, followed by overnight incubation at 4 C with primary antibodies anti-DHX15 and anti-GAPDH (Thermo Fisher Scientific). The membranes were then incubated with secondary antibodies (Cell Signaling Technology, Waltham, MA, USA). Signals were visualized using the Pierce enhanced chemiluminescence (ECL) western blotting substrate (Thermo Fisher Scientific).
Fluorescence In Situ Hybridization and Immunofluorescence Staining JHDM1D-AS1 probe was labeled with fluorescein isothiocyanate (FITC) using Agilent's Quick Amp Labeling Kit (Agilent Technologies, Santa Clara, CA, USA). Cells were fixed in 4% formaldehyde, permeabilized with 0.5% Triton X-100, and hybridized with FITClabeled JHDM1D-AS1 probe. Cells were also subjected to immunofluorescence staining with anti-DHX15 antibody (Thermo Fisher Scientific) and Alexa Fluor 594 goat anti-rabbit IgG (Thermo Fisher Scientific). Nuclei were stained with DAPI. Colocalization images were obtained under a confocal microscope.
CHX Chase Assay
A CHX chase assay was conducted as described previously. 30 Briefly, JHDM1D-AS1-depleted and control cells were treated with CHX (100 mg/mL; Sigma-Aldrich) for 0, 1, 2, and 4 h. The cells were harvested and tested for the turnover of DHX15 protein by western blot analysis.
Immunohistochemistry
Formalin-fixed and paraffin-embedded specimens were deparaffinized, rehydrated, and treated for antigen retrieval using sodium citrate buffer. After blocking endogenous peroxidase in 3% H 2 O 2 , the sections were incubated with primary antibody to DHX15 (1:100 dilution; Thermo Fisher Scientific) overnight at 4 C, followed by incubation with horseradish peroxidase-conjugated anti-rabbit IgG. Chromogen development was performed using a diaminobenzidine (DAB) chromogenic substrate kit. The sections were then counterstained with hematoxylin.
For evaluation of immunohistochemical results, the intensity of staining was scored as follows: 0 (no staining), 1 (weak), 2 (moderate), and 3 (high). The percentage of immunolabeling was categorized into four groups: 1 (1%-15%), 2 (16%-30%), 3 (31%-70%), and 4 (71%-100%). The product of the staining intensity multiplied by the percentage of immunolabeling was determined for each tumor sample. The samples with the final score of R4 were considered to have positive expression.
Statistical Analysis
Data are presented as the mean ± SD and analyzed by the Student's t test or one-way ANOVA with a Tukey post hoc test. The difference in JHDM1D-AS1 expression between NSCLC and adjacent normal tissues was determined using the Mann-Whitney U test. The chisquare test was used to analyze the relationship between JHDM1D-AS1 expression and clinicopathologic parameters of NSCLC. Survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test. The univariate and multivariate Cox proportional hazards models were used to determine the prognostic significance of risk factors. A value of p < 0.05 was considered statistically significant.
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